MRI Field Mapping using bSSFP Elliptical Signal model
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Introduction: It is well known that the balanced steady state free precession (bSSFP) MRI signal is highly
dependent on the precession frequency off-resonance value at each pixel. The bSSFP signal can be modeled as an
ellipse in the complex plane that rotates about the origin [1], with the degree of rotation depending on the regional
off-resonance value. If a specific point on the axis of the ellipse could be localized, the phase of that point could
be used to produce a field map. Xiang and Hoff came up with a geometric solution (GS) which removes banding
artifacts by estimating a consistent cross point within the ellipse [2]. Hoff later demonstrated that the phase of the
GS solution could be used to correct the geometric distortion that results near metals [3].
Materials and Methods: The complex estimate of the GS from [2] has a phase that is half the angular free
precession per repetition time (TR), from which it is straightforward to derive a field map by first applying a phaseunwrapping step followed by mapping of free precession per TR to off-resonance.
Phantom and In-Vivo Experiments: A uniform phantom and normal volunteer were scanned on a 3T Siemens Tim
Trio using a 12-channel head coil. A set of four phase-cycles were acquired with increments of 0, π/2, π, and 3π/2.
Other parameters included TR/TE=10/5ms, α=30°, FOV=300x300mm, and matrix size=256x256. A GRE field
map was taken at the same time for comparison with scan parameters of TR=100 ms and TEs=10 and 5ms, α=30°,
FOV=300x300mm, and matrix size=265x256.
Phase unwrapping was performed after reconstructions to compare the two methods.
unwrapping scheme outlined in [4].

We used the phase

RESULTS: Phantom and In-Vivo Experiments: Figure 1 shows a normal brain using the standard GRE method
compared to bSSFP using the GS. Both phantom and in vivo experiments showed excellent agreement between the
standard GRE method and the GS method.

Figure 1: The commonly used GRE field mapping method compared to our proposed GS field mapping method.
The error of the proposed method is low, especially within the brain.

CONCLUSION: Accurate field maps can be directly derived from sets of four or more phase-cycled bSSFP
images, which are often acquired already to eliminate bSSFP banding artifacts.
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